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(54) OPTICAL AMPLIFIER AND OPTICAL TRANSMISSION SYSTEM USING THE SAME 
(5 7) Abstract: 

PROBLEM TO BE SOLVED: To obtain a concentrated 
constant type optical amplifier with a flat and wide gain 
band by using a highly nonlinear optical fiber or 
dispersion compensation fiber as a Raman amplification 
medium. - 
SOLUTION: The optical amplifier A comprises a Raman 
amplification section A1 and a rare earth added fiber 
amplification section A2. The Raman amplification 
section A1 comprises the highly nonlinear optical fiber 
a1 which is the Raman amplification medium, an exciting 
light source a2 to generate the exciting light for exciting 
the highly nonlinear optical fiber a1 and a multiplexer a3. 
This multiplexer a3 makes the exciting light incident on 
the highly nonlinear optical fiber a1 from the direction 
opposite to the incident direction of the optical signal 
and outputs the optical signal amplified by the highly 
nonlinear optical fiber a1 to the rare earth added fiber 
amplification section A2. The Raman gain of the Raman 
amplification section A1 is adjusted to offset the. 

decrease of the gain spectra in the long wavelength region in the rare earth added fiber 
amplification section A2 of such constitution, by which the wavelength region in which the gain 
is flat over a wide band is obtd. 
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[1KB] *J»»«tfspa"C4»oj£ff«TJ, icfefE&SS 
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%±mma 7 7 4 m ft mmtzm £ -r 3 $±mmo 7 ? 4 
nm&m. £ zm.fr£t>& h c t £ <t *) fc%i®.<D%m<® ft 

7 y -r ) t£ a ffl 1" £> £ t ft 4: 1" * **■ « IS. 

#±»«hl 7 y -f / ^ ft fc + * #±««*0 7 r -f 

^ti*sgi5h c i: £ «t 5 JCflF«©3tii«& 

7.y -f 3-5 d h ft^SSc i: f £ #if*§8. 

7V>Jg|§gS<i, -Jgca^r-i'Mft^LTitfl^A 5 
Xm£h2>&imB7 7"{ ;*£, IMS^tSliS 
Jtfflfc, 1ffi8a*IMi^7y^©^fclS*l$i , U SSig 

* ft 7 m ic aw $ * ■ s t ft fc muimm 7 

7<i >*fr<b\MZir\tc.9tm^*%i± : &.mtM7 7-i >v§m 
mz&ti?Z&m&£frt>ffil$.2tiZ>z ££&&£?& 

[I-S5RI14] if5RJB2f2«8©>tti(ilHC*31'>T, sulS 

A»$n^iHi«77i'Mt 1 »je*ft«*rsBie 
sui3tfl-»»«7y-i'>'^<D^{c^^n, mm 

% ft#8tfi«7 7-r ^tc A*f£ 5 i: J* t 7 
A&f^tifcTtff ^ ft ^±«^ia ttf *I 
»'K tB 73 1" -5 % 8 t A' e> M£ # ft 5 C £ ft fc 1" 5 

[BUR* 5] »*«3*fctt4 8a*©3fe««8«C*»'^ 
miie-JS 4» 6 5 * >ii*i8ES? CAM?t5l2 ©i§rj£8 

©^iK8i:^>^?5fth©RiCI±, t±»77 
-f ; <*Wf £ ti 5 C £ ft «f« fc. r h Jtlf 4© 8. 

ii7>'f>'N--N©?itiftE6±-r€)7'-i' vu— ^^ixsc 

5 &flMf8. 

8 ] mmm 1 an u 7 ^m*»c«a«©** 

fi8f-*>^T, mi3*±3K?S JO 7 y-f MlftSSPtt, #± 
«jS/)a7y-f>'^ftlg*ifiE®i:t-S§!ieti*iSBi:, Hb< 
»#±«ilB»07y-f Mftflt««EHfc-r5«Sfl»«fflt, 
c ft e>&@i8$sSf5 i: iiii&«*I»i:®Mfc:*H* $ 

m-ft^m. £ * e. wus $ *i 5 c t: ft ^ f 5 *««s. 

S t * o T s »Wffl7 7.^ n-co^K^ □ - 7A« 
7 y 1" ; a -7*i:liS»?sj-sf 5 c i: ft ft 

m£-rzftmffi&. 

{tt&W 1 0 ] imm 3 I > L 9 32 i 'ISiZ)> l G^te8(- 



(2) ttffl¥ 1 1 - 8 4 4 4 0 
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^-8ftfflv^^ctft^$®^:■r5^lt♦i8. 

ClisRiI 1 1 ] 2t2®V>ftmmm£, 3*18* ft 

^St^7 h77"f /^ftffl^fceiSgS 

©7 l 6ti*i8©^-iciSf»7 7'r/t(i x e^g§©^-ftftMl« 

-f 5 ct 3 j \z> * —. 9 A 5 sSS $ ti 2. C £ ft ^ t: f •!> t* 

[»*JS1 2] Ig^ig4S2m©3ttS*S8fc, Jtfs^ft' 
jSIS-T4iSeiSi:» ^-»-> 7 h 7 y -f Mftffl^fcfciSSg 
10 i:, yfi»*SS«-«-42fSS4:ft*IIU lS5RJI412«s 
®3*fll«SO«-IRW«7.y'f eiiS§©^«!cftM« 

'>7tA, 

1 3 ] M«« 5 §2«©*li*I8© d 

£. &m>7 1774 Jiim^tzBj£i&£. ^ff*ft§ 

. &2tlZZ£%ftm£t Zt- A. 
20 CiiJRlI 1 4 ] sS*Jf 6 83«CD o 

®77j j<zm^zi><D£, ^fi^ftjjiff-rsKifi^ 

. i:, ft&.'>7 h77'('*tm^tz&ms&£. Tfeff^-ftS: 
{I^5SfI8^ft*(iiL. fi5E*lt«8©«-«««'7 y 
-TMtt, eiIS§©^i!(ftM«-rs<tdt^7^-^i s IS 
S$ ii 5 c t ft^SS i: r ^> ->7x ? A. 
CWJRJR 1 5 ] W*I1 7 I3®©7 , 6ii*i8© o *»^iitM 

fif ££{s8£:ftlifiSU s5I27tif*s8ffl^-ftM<f 7 y 

S $ ti 5 c 4: ft #S£ £ T 5 i^fc •> 7; ^ A . 

1 6 ] If 5RII 8 i2fc©*litS8© o 

®77-f nftffl^s^ots jtm-^-ftiSfs-rs^fis 

^-fc->7 h 7 7 4 >**m^tzB,&S&£. ^ff^-ftg 
ffrsSfiBtftrlWlL, 85IBJfeif«S<0«-tt«Hir7y 

S S ti & c ft mm £ * 2> jfcfiiS > X A . 

1 7 ] ISJRXl 2 S3l$©7telf *S8^ Jfefl^ft 

40 aaii:, *^f^•ftSlI1-€)§^i8i:ft*(iu^ a»*«2 
g2ss©#if B8©#«fc?iffir7 y -f Mtt, easso««* 

W®TZ£oK.J^*-*1fi&%.2tiZZ£*ft®.£ + 

[RM18] S**JSS4ga«©Jfcii«8i:. ^ff^ft 
&{I-f S&ff Si:< •>>y-'Ut- K7y-f Aftffl^ite 
Jt{I*ftSfB-r5S(I8fcftftKIU «JR«4 
83««)3tit«8©«-«««7 y-f /<tt. 
•XB«f 5 <t 7 lc / ^ ^ - 9 *5b53i^ n S C £ ZttWL£ f 

sitees->x^A. 
so [3§5R« 1 9 ] 5 im<o9tmmw,(o o % 



3 

£, \* 7 7 J ^&m^tc&;m&t, 3fc»* 

# sss $ c t s i: r 5 jtefsis •> * ? a . 

CIS 2 0 ] 6 I3«s©#tt*I§§© "5 *>fN*Ml 

A* £ ft 5 C i: & 1" 3 JfcffiiS > * ^ A . 

2 1 ] fifjfclf 7 IB®©y6ig*i^CD 7 ibfUm 

* ft 5 c t £ <&m £ -r s jfeeas •> 7. ^ a . 
immn 22] mmms lefjcD^if *gg§© 7 % frmw 

77^ Mfct, eas»o***«(it-r * «t o \a 5 ^ 
3b s iss s n « c t z&m. £ -r z > 7. 9- a . 

[ lllg&lt 2 3] » 9 ffi«© 3feiS * 8© 3 £ 

fsrssestsjiiiiiu iwffijfciaiisofl-akww^y 

2 4 ] ItsRJg 1 0 BM(DtemWM>tt&to 

mm? 7 4 j*&m^ &*)<*>£.. x.m^zg.iB-r 
frizzy ^*m^tL&ms&£. ftff^SrS 

S £ ft a C i: £ f 5 Jt£ j£ t 1 A . 

(is**b 2 5 ] is jfcii 9 mmo^tm *§8©7 

*SIS-r.3«fS*fc«:ft(IU *Ii3ite««»0>*MIMHir 

tflSS $ ft £> C i: £f#3£ i: f 3 ^fcii > X =r A „ 
C»5Rfl 2 6 ] »3£JR 1 0 i3®©*ift§8© d *>#B* 

«f7 7-fMSffl^5t,0i:« jte^feaie-rsasits 

£ s ->>40lrt— Y? 7-i ><>%:m^tzixi'£$&£, 3tft^ 

tfaSSg £ ft 5 C £ St*« i: r * •> 7. ? A . 
[0 0 0 1 ] 
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^^ts^mmzjri^xsm£^tih9emmmRzj : z7x 
£ ffl v ^ tz it b m •> 7s f a jc 11 r o * © r- a o 

(0 0 0 2] 

{^*©fe{ff] iSfi^I'J^fi (WDM: Wave length Divisio 
n Multiplexing) #fiiI->77 L AtCfct^T, -^0<EiI§ 

t$,mXl?&?>. ft? 7 J ■>MKj££Ml;fc 1 • 5^m^t: 
*^TRftfc«H4S^r*fl»IISi:bTtt, Elltc^t 
i-jtEDFA (Erbium Doped Fiber Amplifier) £ft 

(0 0 0 3) CftST% «»«ffbB (#BH*IR : M.Tach 
ibana.et al . , IEEE Photon. Technol. Lett. ,3,pp. 118-12 
0(1991)) , m&m&ffl'M (#HB^rK : JiF. Massicot, et 

al.,Electron.Lett.,26,pp.l645-1646(1990)) , *Jf# 

B.Clesca.et al. , IEEE Photon. Technol. Lett. ,6, pp. 509 
20 -512(1994)) , WCD?ix£&m^TED F A%lWt<D¥-mt 

[0 0 0 4] -73, &Mf<Dis , )tl7T'('*$'<D5V>WL 

(#.^ASR : P. B. Hansen, et al.,IEEE Photon. Technol. 
30 Lett.,9,pp.262-264(1997)) »^ 

~5 k mfigC0f5i£ 7 y -f ^ i £ * ttli&ft 1 1 1 

. ..[0 0 0 5 ] *6>t, ±i£Lfc2aSRffl3t«*l*S*fif 
mTZZ£lZ£»). Z®*^ 

©*j»e-**-c<oifcfttf (*/U*77'f^tttlii i 

40 Onm) Ci5i-N-C*iaiiAD-r 5 C U, EDFA 

*ij?#©7^7 h;u©fiiSfta*t:*»4«'>*fflaTS 
i?t77 VliSOSdigifiSt t-7«f#SI@®i^a c 
fcCtD, |i|}#A^JS75;^(7)7C*§^ti7<3b s ^?>ft^- 
fcfeBSSUfc. CO.^^C•^^,^Ttt. (H.Masud 
a,et aI.,Electron.Lett.,33,pp.753-754(1997)) IC» 
U<«3«SftTOS. 

( 0 0 0 6 ] CCDi o &«SE*<03tl9fflS8©*»fiS*ia 3 
(C, StI4!:-f0Dflf-?7^7 h;u2:75fo EDFA 
tt, ^«S£fC* s finF i 5i:^^©2o(Ct»^ft, fiJiKi: 



) 

(4) 

5 

$ < t o x t>&m mm<D®%Miti$:-xg < so; t &x- 

**tftt, C©1§£\ 
>Hiffl7 7-fMi:l/Ttt, ■*tt!)JUW)is3!fl!7 7-l' 

MCD^e- KSii^r^^fili, 3-*JC 65k 
mT-«fc*K 1. 5 3;um®je©*«IW*L/ — if 2&fcflr€ 
jfeSii: IT5 0 0 mW«Djfc^9-ffl»fi*SA« LTU 
5, 10 
[0 0 0 7] 

a tc 5 v > tg « mc r t u t e a§ y 7 -< / sft m << * a fit & x 

^td \fX- < , SS#iJJ# ft f# 5 »fc A t «e<* 7 - 

e.ejaiffl 7 T-r v-^ttmtc^js^ * s AW?n s z t 
7 7 -f n «f fc a asi ts^ff tfftuo * n s c 1 1 & s . 

[0 0 0-8]fiC, gESSW^eESS&T-tt, 
-^©ttfctiRSiSFftfcfl*©}^ 7 1" n -»> 
T-fet), Lfe#oTft{:E&:^^Aft7'-;/7-£ , l/- b'T 
S»££5v>if«g|koaMt##WfcHJ^£4. c© 

7"f / 1 i: 7 -7 > tg*IS5 i: ft U , <S v ^SifeM 7 --p 

O J: a «8tt C *i * -e«3S * ixT u «t *» o fc. 30 

. [ooo9]. *#swhu ±m-r&fsim}££&frxte$ti 

tc&nxib*), JAT©.«aftgfi<]i:*- St»OT-feS. 

(3) *s«o«R^gy^a*eis*qi«efc-r4>fc«B 

[0 0 10] 

-r / < s t r * *±a»»o 77^ <j* ffijss t: ft *& 

4 ctCiD /£^<3D7feifts ftff 7 
k#±«»wjii7 r -r /^ftii*a«ERtr *#±wis/iii7 y 

< /<JfMliiffl£ «*l*£;btt 5 c i:<c «fc 5 /£#?#© *Jf9*a 



«HJ¥ 1 1 -8 4 4 4 0 
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-igfc:fiiS7 ^ft?> LT*fS9#Alt3ft*?a*« 

JSSUB-7 7"C A©ffeigtcfg£!;*tu »S*f£KmSU&7 r 
-f v<fcAM3 tf* A»£ft 

-iffiJCfiS 7 7 -f ^ ft 7> LT^S^-M*? a 

5^l!(IS77-fMi, .»jtS*6«*"r4lfflie*jBk, 
H5!S»titffl«r7 7'fn(Z)fl|iSStlgSg$n, EMg#ft7>iifc 

/■g^iSi:, cfflSfiig^ft huIB-JS* 1 e> 5 v >lgfsi*Klc 
A tf ? 3 Ml 2 © £ % S i: ft H i 5 i: i ^7 ^ IS ft ffiffl f 
&. ife«Miag«c«ijS»6CD#at LT, ±13^5©^ 

±SIAD77-fM5^St5i:^9^^fflt5. Jfe 

tcjs&^>t©e^7T-f-''?^©»nftB5±-r57 , -i' vu- 
gut, igc<#±s»*0 7 7-f^&ta«j«Kfc-r5«» 

5 * 6 *±^^iQ 7 r -i /N-tf fl» ftfflsK 

Stbt, ±8S»2, m4/d:v^um8v^'r^^^) i ©^a{c 

S. 7felf*S§§«c«t)2.» 1 0©-^ai:UTv ±13^3^: 

<-> u 9 ^-rn^©^a{c*5v>T, ^«s*fctt* 2©-& 
wl ft x. x * i4tte«s ft ffl ^> s i: v *a ft -r 

[0 0 11] -7?, *^B^T"<±, ^fi^v^^AtC^t) 
«JR l©#Si:.LT, ±f37tli*i^tc^*53^2©^a 
tl3««)Jteit*B8i:, 7t[f^-ftiSfI-rSiSfiSi:> 

fsgfcft^l^U, ^2©^a(Cl3«4©tg*st§©^ffl(fI 

Tl*lzm£>2>m2<D*®£[sX. ±33Jt««ii8^»t>* 
?f5 4©^atie^©ifel@«^i:> 7cfI^ft«lfI^S^(I 

S§t, #fK->7 h7 7"f^'ftffl^te^Sgt, Ttff.^ft 
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t)5^3©-^iSi:LT, ±§gftlf*I8££S;bS!f§5©^ 

£ffl^£f£ji!S§i;> ft{f^£§IIir3§(5isi:?:flK! 

£««-f 3 <fc o £ /\ 7 * tfl&S £ n * 3 $ 
Sffl-ffi. ftteig->;^A(c:&;b-5S§4©#g<i:UT, 
±§3ftif*I8£fii;b -53§ 6 ©#fM2'$©fttiiHf§© 3 
^if77-f/^ffl05tOi: > ftfl*f£i£(lf5 
£{f8£:, #gfc->7 h7r^A£^fce&S&i:> ft<f 

i77-f; fcm$8cD<frwtzffim *• a <k 3 ^ ^ ^ / - 
*&mig.zixz>hi<^o^Wizmm-rz>* ft^^^A 

tgtSISOfStbt, ±fSft«'ti8£»fc>5!S7 
©#f&£iei8©ftlt$I8©d -*>frglM{M7 r-f ^Sfflu 
S •&©£:. ft<i^£i£{s !T3j£fi8£^ »S^7h77 
f^-&fflv^{Ei££&£:. ftfi-sf&gfl-r5§{f8£:£H 
MfU ful2ftig^8©#f&*i<fi7W;N-fcfc, eiES©^ 

* £ Mm -r a £ -5 ^ 7 ^ - * wafts'* n a £ t> ? 

Zmmt&o fttej£-> 7,9- A CSfcoi 6 ©^f£i:U 
±iaftif«8£{£;bS!M©#g:£§2«4©ftli*I§5 

ftfi*§£:§{f -ri>g:{f8t:£jiy?liU fi*I2ftli*I§§©# 

^AlC{£;bSlil7©^g!i;L.-C ±!2ftlf*§8£f&;ba 

mts ->>^;i/^- K7 7-f ^zm^tzB&&t, mm 

^<£§flt-*§fI8i:£iyjf U ±I2fttt'}I8©#»*» 
ft? r J f5i££§©#f&£ffif»-f 5 <£ d tc^ 7 ^ - 
^* s 8S^$^5i:^-3-^©Sggffl^^= ftfeigi'T.irA 
lZt%frZ>m8<D&®t UTv ±52ftl@*I8}C(&;b&tg4 
©3MS£iai|$©ftJi*I8£:, ftff^&jjKsir 

£§flf 3£ft8£:£JI(/SU ±i2ftif*18©#l&«« 
77-( ^tt, f5j£S&©#i!t£*if»-f 2 <fc 5t^7^-^ 
tffiSSiiSfc^^SSSWi-f «. ftteigf.^Afc: 

^st a3«©3tifi*aso-5 *>#m$®y 7 4 /ttjun* 

ft{g^£i£{f ?-3&(I8iu ^>^t-F7' 

* fa & nmr a «t 5 tc v <^ ^ - * # ssr^ $ n § t n a * 

ffi4«JB1-&. ftfZ-j&i/T^Afc&tJSMI 1 0©-=£J3i: 
i!S©?M>li!(&lif£t:?7'l' ftf§^&i* 



SSi:, ftfi^££(f1-3Sft8i:£li(iiiU ±E3t«* 

?*sias?n«i:^o^ss:^-rs. fte 

74 ;t*ffl^**»©fc, ft (t^£ £(18^ > 
> * - K ? 7 -f v •? § m ^ fc (£&S§ 4: , ft (1^ £ Sis 
-f hSrHCItU ±!aftlg*iS©^««7 7"f 

mi 2©^-gi:LT, ±!3*lf«8K»t)**8cD^« 
ts2«©ftJitSil©3*)^8!c«M7rf M&ffl^S*© 

Mifflvi fceasss t , ft ft * * ear s sibb i: s MCi 

T, ±l3*»«8teSto*JB9o4®t:l3«©ft«*B8 
ftf5^&S{f1-5S:fa8i:$:m((SU, ±l2ftti*§8©^ 

ans77-fMii, eaB&o«-»*if«-r« j:-5t^7 
s»i oo#et:iB«oft*«8©a**a*«7 7"f 

7 h7 7^A-S«ot(5Mi:> ft{f^SS{I1-2.Sff 
8t^*(iU, ±12ftlftI8©^8icffif»7r^^-{i, 

30 ^-5#©SBgfflf5. )tfii£->^rAtil3 5Sl 5© 
^f&b. LT> ±Eftfl!«8C»*)S*9 03fclifi8©a 

ftff^<&Sfft-i»S{58i:5M(iU, ±I2ftlf*s8©# 

«!c?iffi7 7 -r eas»©#»fc««-r a <t o 

^Atl^fesm 1 6©fi6i: UT, ±32ft#tg8tcGS£> 
a^l OCJtidSoa^ftHWJr-f^fefflv^ti 

40 -r-^*fflv»fcfgas»t, y£flS*4S»f«S«8i:** 
[0 0 12] 

^^aftJi*i8>au t ctia:ffl^tftejji->^7 i A©^5i- 

[0013] Cftie*s8tcK^am l if 
ftgWtCs B5e#!SU, ftia*@8tc^^S!B 1 MIS&B 
50 <§{cooxa5infl^-^ 0 js:^, cto^i^SfJItt, *sf6 



) - 



9 

«»Alfcft±«»*n:7 W Att«SA2fc*6«J«;**i 

*«*fetHa-*-*j&»©eas7T<f>tB2 (ease) t 

[0 0 14] ±iS7^>tftiSSAltt, 5^>ig 

«bejit- & s m&w&y r-r a a it., mm&7 7 -f 

a 1 £JSSig-f 5 fc &>(DMmft £#g£-f 5 ®&9tffi a 2, 
& V^ttS a 3fc A> £>.fg/j££ ft * • 7 7 4 H a 1 

©-iflgic(£±§2fc*i 7 7 -r mb i&mmztix ms 

AM?n, *0fbaillca:^-iKSa3tfgSlj|$nT»iE* 

coo i 5] -rat)*, ^-*«a3tt, mmkzxm^ 

CDXWSflCM j£©75-fSJ* s £ &m&B7 7 J ti a 1 
CCD^r±«iSAa7 5"f AigtgSSA2fct M ±jfu 

[0 0 16] ^©J:-5C«fiE$tifc7 ^>itegBAli: 
#±«»»0 7 7"r/<i8*aiA2k:*j»**tt 

>tt*sgBAio5v>?)Hf smgs-rsc^tci 13, /aw 

[0 0 17] £©J:3C*aEMHI5!»tt, .5-?">«MI«EK 

*^«UKJ»*©J»** S »< . «fco.Tlt«SJfc:*SR«£7 r 
iitifcfT 9 z<d x.5tj:&ft!&&7 7 w 

[0 0 18] 0>lx.<£, Z(D <Z o teMft&&7 7 -Y al 

*»e)^$tifc5-?->ii®gBAi©y^^-^<7)»s(fi 

t UTI±, H«B7 7Y^alOt-H5M7 7-( 
^I* 5 , l 'kmt-6D, 1. 5 Umftg 

co^&ffc U — tr" f $» £i9J<g#i$ a 21? h C0ffi& #<0; < 9 
-(£2 0 0 mWfftS. 

[0019] CAifiM!Btffb%3S2%MUt«!B3 l*n 



(6) mmW-\ 1 -8 44 4 0 

10 

X, H6fc#S0T, #*qija>jfei«MI8fceM3SJB2|5 
T, 5T>JfHfflt-3V>-rtt±IB^^>««fflAl4:ra 

s. 

[0 0 2 0] dcoiac^l- <fc-5»c> #3£»fc/§{cisttS 
*±a»i07r-f^«*»A3tt. m)Stf*sa5 1 fc&ft 
10 ig^ISC 2 3 n n e> t tf-fi $ ti 5 7 - 'J ^ 7 ;i> 
£ (Split Beam Fourier Filter) 3 <£.-3"t<f8fi££ft 
£>. gy&if t§g)3 1 tt, 1 b i: 

MSS1 cfc#±«»A07r-f ^< 1 d t.S&*ay6if. 1 e 

[0021] 5v>ig«gBAiit>»6asfltsiifc3fcfi*' 

20 7— 'J X.74JI* 3JCtii*r^nS. ^fc, #±3S?SAD7 
^iKUl c^LTXStSna.'7- 'Jx7^M 3 

[0 0 2 2] ^11, CCDi^iC7 — 'J^7^;P^ 3 A 1 
2aS^LtA*t^tv5. 

[0 0 2 3 ] ±s2f±aiSD77^ MJf««A3C J:*i 
tfs 5 v>litsgSAlcDiSl^ff$7 7"f MalCi^t? 

o-C^ltti^-tlfe^v 7— 'J-x-7-f 6 tC«to-CWf# 
^'^b^^^^ S ?,(C#±a?SM7T^/^ 2 bHio-Ofei® 

(0 0 2 4 ] *IE»J!ST-tt, ±'&Ltz£olZit$ii<WZ 

mR<D nw&B 7 74 > a 1 1 \t&m&^ r> — <D®m% 
40 r-^^m< 5>^>m^M7Zxm*&mftteft%<®%sc> 

[0 0 2 5] :;t-, **BiBBffi-ett7v>fli«ffl©a 

je^fe^:^■!^Siia3$fflU^T^^SUT^i.* ^ ^ -&iS^a3CC 

l»o Snem«SSB lCOT'-T V1/t* 1 ai^g 

i:^ 1 ?, ttr-f VU— * 1 a^c.fclt•l>> , 6{a^co^S}^^it« 
'>£ •& i> C t #Tr # S . ft ti» £ dA&IHW 

so ^«i(b*±flia*i7 r -c M-)@*a^cofficjt(co^T(i. 



11 

(H.Has'uda.et al. , Electron. Lett. , Vol .33, pp. 1070- 
1072(1997)) Cpiiffl&iSaitfi&i.. 

[0026] iitm^^t>^m2 r Mmw^ 

BIZ &\f 3 7 >lf iJSSfl A 1 £ 7 T >ti*S2C A4IC£ s u 
fz^OX-h*), t(D{&<Z)ffif&lc-o\,^XlZW,2nfcfcBt 
|B|fltT-£>3o "f&fr*^ CC0-7V>tf*ageA4li, 

(jfelfOAMil) *>> £ & SftiS 

2©-&&g§) &mi, m&%L%ia.4Zlfi-^T®l&ftmei5 

ft ISM y 7 1" a 1 1 « t h t» © T- & 5 <> 
[0 0 2 7 ] c<DJ;-3fcfllJ584Sffl-*-4C4:K«fc9, W 
*tffiSig;>teiBa2©^ , 7 — fefibig3fc«a5<0/^7-i:|5l^ 
i: Ufc»&tc, ±12^JEff5^ fgo^ 1 ?-© 
iJ&ft & Kft&M 77-/Ma 1C (ft^-r 5Ci«l?> 

•5. ®^7 l 6!Sa2©^9 — fclMSftSi a5©^9 — 

[0 0 2 8 ] C3tetttt8K«fr48 4 3tt«y&SH 0 8 

TElT-fcS. *HJSJ^^tt^ ±a>L/fc&3IJEf^tcML 
>ti*I£f$©fitJ5£©^ U •> a >£W"f 3 &©T 

8305 t^L/fc^v>t8*SgBAlHMUT, ^IfOA 
7JO£ Jt&HDXJjmiZT-l VU— * 

acttctt), mftm^yy-i <nai£««ofc»fiite 

7 t- ^ A^iSftiitr c i: £fi&±T S C t #T- § 

[0 0 2 9 ] CJ^n»«8t:fft>** 5 0 9 

■natftS. *JdK»«*, ±§3£4fS$Sff$Sgi:ISM$tC 
7 v > ig*sgP0^5£©yt ') 3i- -> a > tc 1ST 5 * © T- $> 
■5. -ffcfc>*>* *HS£^S§©7^>tHig»A6tt, ±13 

©A*7«c£-i£|ga7£t&J7£fcftK, iS^«8a7i:i«^ 
*aff£7 7>f ;<alfc©PJC#±38iftfl07 5'-f Aa8£Srfc 
£§617, $ ?>(C-S-jgi§a75:^UTiSimffJ7y'f ytal 

«.a94flli4^t1*ai:-r*. . 
[0 0 3 0] 0 4iCjjsbfc<fc-5K> *Jf#^^c<D^iS-ft»B 

gli A IT- ttUffflPttiPSlMfe* £> °Jfi£tlE* s <fc % o *3IJ5Ert* 

iBx-it, rm^^-±mmny 7 -c Mas-t-if *s u 

«C Si|;fflf; 7 7-f^alt-7 "7 >1@$ST 9©T, ±S2*J 



(7) t*fB8¥ 1 1 - 8 4 4 4 0 
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[0 0 3 1 ] CJfeiitt»£»toaS6jSM»!8] HI 0 

#HIJ&7 7 -f y« a lCft A T7>»«m 7 7 ^ ^ a 10$ jg 
mt h&Z&WLttZ fc©t- *s. 
[0 0 3 2 ] -*«t, 7>W«7 7^A(t S^JSfB 
10 77-f vs^i: (e]flltc n 7-^i6 s /jN$ < Sfc«StJD«5S©iSIS 

iot-2 0 0~+2 0 0p s/nm/dB-@JS©^MiC 

m <- » fciSiti^ii^M, eiiisstc •> >m-h , 77i'M 

$ ffl ^ tcB&& t *J It 5 * qjf Bf 

20 [0 0 3 3] Sfc, fftraWSMA0*«C:tt* Jfcif *■ 

[0 0 3 4] C>fe«*Sl§^^.t>-5^7l|j5£i&ffi] £ 

30 mmm^MT^ 5^>tg*sgs©tg^c©^ 'J^-^h >t 

[ 0 0 3 5 ] C©ctat^»»«7 7-f^allO^«^ 

[0 0 3 6 ] ±1338 6, 7^ff^tC^Ufe^ 

[0 0 3 7 ] C^fiiil^^^^i-^^a^l^fiS^®] 

MUCOO-cattWrs. 1211 2 (a) *c^1-«to(-. *K 
50 J5ffiJf J .® CO >tte ^ ^ ^ « x iS{fS9fc«« 1 - 5jum 



I 
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[0 0 3 8] £WB881 ltt> 7-7>iiMJKK4:Ut«- 
»ai7 7-f^ (alO&i^ttall) ftffl^fc±KJB 
6, 7|&JgJB!S©ittBSre*'*. XT 

a««9tae«i 2k©ia*«-*->7 wrim o 

t, ^Sll7 7^^ (alO&S^ttall) ©g-A^ 
eaUS-TJa to 7 H77-f^ 1 OcD^-fc 

[0 0 3 9] t«;t«, HI 2 (b) fc^tioC 
t^ps/nm/km, *fcf ttlHI«i& 1 0 0 kmk 

ufct§-s\ ftwasgi \n<ri%im.'&-? -r < * (aiofc 

S^ttall) CMMBtflLRV7T<r^*S- 1 0 0 p s/ 
nm/km, 2 kmCifc^-f S d kC «t K> 1" 
5 Clk "ffcto*^ IH^-f &«fc^ic> ^•^•>7 

h77-f;U 0(C«t5ejj|tC^to5®«tJtti*iiSl 1 
fi<D-frWlffiiM7 T -i (al03S£i^ttall) ©{*&£(£ 

[0 0 4 0] *tz. ±a>©i"5(C, «-«->7 h77<f't 
1 0 ©#$(*□- rfc^lffllgil 1^S*I7 7^ 
A (alO&S^ttall) KfcfLTjgW^OBSG&k-f 

[oo4i] :^5im->xy L ^ic^t)^m2'mmm^ 

to 5 £ 2 HiJEJ&Hg C o ^ T 8ft W-T '* . C ©i£fl£B<§<±> 
mi 3 (a) t^tiac, ±ia*-l3lfflBBJ»fi)*«*> 
7 h 77-fM 1 0 Cftxt, ei£B8kUT«ftl . 3 a 
m#£*#ttttft«:W-rSS/>$'> ; e- K77-f^ 1 3 

10^ 5 Attain ©g-A-^-^au ej£g&-r&tov> 

V^Ou-t- K7r-f/U 3 ©tf-gt£}f«-f 
$toi>o 

[0 0 4 2] fifiJx.l*\ 013 (b) iC^t" £>5 

ffl£15p s/nm/knu £ fc+*£f?3PI£ 1 0 0 km 
kU7cig"S\ 1 fl©#i!tfi«7 7"f/< (a 10 

feSi/Miall) CD^ftliISa c 7 7''l'^«$:- 1 5 0 p s 
/nm/km, 1 OkmttiCfctiD, 0^t6t 
?lC-> > 401/^6 — (--77-f A 1 3 £<fc5{niz!£{£to£>B 
WfcJMMlBl 1 rt«D»*»«77-f ^ (alOfcSOtt 
all) ©{5i3fc«to4B«ki«?L<fc*<0"C, 

-f^l 3©fl-»*n-7k#flMI81 1 (*)©#&*tifM7 
7-fM (alO&S^ttall) ©^gtXD-T'kwratfcS: 
5 d k £ <t "J , K&&Ka>M(ff 6 "jflfC 

[0043] #«wtt±Kfcieflu&«Ki»£3*x 



(8) flrBfl¥l 1 -8 4 4 4 0 
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(1) «-3WIU&l»C!)^iK8ga3C-ftAT3fc-9--*iU- 
^©TjIqHSS^S&ffl^S. 

If XT UZO-Z.M?* VU— *CJ3l7S 

(2) 5-7>«««Ki:LT#»»W77-f M£fl!V*fc 

10 (3) 9-r>««KHfcLT#1W«7T-f't*JBlr*fc 
«-&tcJ3V>-C*), ±ia#^§S©M!4^6&f5!Sk|3HSC 

15(7 £>. 

[0 0 4 4] (5) ±ffiOfl&» *#m«57 7-f^*5-e 
>»««£«kU-Cffl^fc±8a*fl»«8C«to5#*«yB 

& ® 5 ck#-e$ m««7 7^wi 

v^±fa#*JBBi»o*afe<fl**to-a-sci: 

i9«*0*R£ffl»^tott fc t» © & ffl^ 5 C k * £ 
[0 0 4 5] 

(1) ^>t»«J«K«:fl!i.>fc5^ > >flM|gBk*±«* 
AD 7 7 <f * StiWMEK k * £ *±»»»0 7 t f ^*it§ 
k Sffl**to* -5 c k C £ K> l£«FtS®y6lt«**T 9 Jtfll 

40 (2) ztz, 7T>m<&!&nt ^xfttm®? -r < 

{ffl 1 ] tt*©#±»«»D7 T^*ii«8©«*«8J* 
[® 2 ] ^©SfIJSlciJ«tS7^>lStsS©S*:^ 
[(21 3 ] 6£^©3tlfi»SB©fi!cKP'IS:7rx-rBSflg7'D -v 

so mx-&2>o 



(9) 



ftffl* 1 1 - 8 4 4 4 0 
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[S6] *«HBC*to**flMi»*Vcnftffl^fc* 

gTpfT'O y?0T-fc£>. 

[0 9] *fM8C»i3**flt«»aVCft*JBOfc* 

[010] *^a^c(^ti57 , eii*siisu c .cn$:ffli.>fe 
[011] *#8Wi=«i3**«Mi»»V-*'.feffl^fc 

[012] *|8ilHii«fc4 JtJfttSStf-ftfcE^fc 
[01] 



16 



10 



20 



JgCDtiSfiS, £ "f 7" D -v * 0-C & . 
[013] ;fc&B£C&;b£#tiBi§£0' c Ci-i£ffl^£ 

*§<8ti&J5Sc& m+ 7 a -v * 0T- 3 . 

A,' 1 0 *ft«88 • 

Al, A4, AS, A6, A7, A8 7^?>1 

A2, A3 #±SUMn3'Wttt«S 

al S»7 7-fM 

1 e , 2d, a2, a5, a9 ®j£e#38 

lb, 2 a, a3, a4, a7 

alO, all *»i«7 7^< 

Bl, B2 ^7 7^^ (-fniSSS) 

1 su^iitsge 

la, Id, 2 c, a6 VI/-* 

lc, 2b, a8 *±S»7 7^n 

2 %&tt4SS 

3 7 -'J (*J»*fti*S) 

9 - ISfSS . 

1 1 ^«Jc->7 h77-f^ 

1 2 §{sl§ 

1 3 5/>^;Ut-K7T'fvt 



[02] 



7r</< 



a 





v * f- A -3: fii 3! K £ it * ? v v itt fol « A * t* & a 




•HftA^i' hit, 



(12) 



fi&W 1 1 - 8 4 4 4 0 



— ► 



7 V>tf*g§f$- 



06 



id 



03 

6 



mm* 

02 



As 



— ► 



CHI9] 



— ► 



07 

a- 



a 3 



1 ie* 



EMS* 



09 



02— £ 



A6 



77-f ^tUBS"^ 



• * 



(13) 



ttffl¥ 1 1-84440 



— ► 



[BIO] 



A7 



oio 



03 



tt£* 

a 



► • 



cm i i] 



an 



► 



a3 



7 r ■< *mm&' 



! 



02' 



(14) ttBWl 1 -8 4 4 4 0 

[112] 



9 -10 10 10 10 10 10 12 




100km lOOIan 




2km 



(15) 1 -8 4 4 4 0 



CHI 3] 





lSps/nn/km 

o 



-150ps/mB/km 



lOOkn lOOkji 




lOka lOkn 
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